Abstract. Modifications in soil cultivation affect the quality and quantity of the yield of sugar beets. The crop density, yield and the external quality of sugar beet roots are highly dependent on the preparation of soil. The intensity and precision of fragmentation of the superficial soil layer and the adequate depth of plantation must enable normal development of sugar beets. The aim of the study was to determine the dependence between the depth of soil cultivation in the strip-tillage system used for sugar beet production and the state of the plantation after the emergence of crops as well as the yield quality and quantity. The research encompassed investigations of different depths of strip-tillage systems used for sugar beet production. The systems were evaluated according to the dynamics of crops' emergence, density, yield and external quality of sugar beet roots.
Introduction
Apart from the climate and soil conditions, the technique of agrotechnical procedures largely influences the sugar beet yield quality and quantity. It ensures the adequate depth of cultivation, regular sowing depth as well as adequate and timely treatments [1] [2] [3] . The agricultural technique is decisive to the yield volume and quality, including the external quality of roots. The soil cultivation technology affects the productivity of crops, because it is simultaneously decisive to the dynamics of plants' growth at an early phase of their development and it provides plants with favourable conditions for growth and development until they are harvested [4] [5] [6] . Well-balanced emergence affects crop density and it is decisive to the plantation density and regularity. These factors are essential for the high technological quality of yield and minimal loss during the harvesting of roots [7] [8] . Individual agrotechnical procedures are supposed to guarantee yield stability and adequate technological properties of roots for sugar extraction [9] .
The traditional cultivation system with soil reversion is the most common. However, in recent years, for economic and environmental reasons, the classic tillage system has been replaced by simplified systems, including the strip-tillage system [10] . Apart from the reduced energy outlay resulting in lower costs of production, simplified technologies (without ploughing) have significant influence on protection of the environment [11] . Lower intensity and frequency of treatments applied to soil protect it from degradation, aid natural biological processes and maintain its productivity [12] [13] [14] .
The sugar beet production technology with the soil cultivation system, which includes selection of the cultivation depth, affects a wide range of yield characteristics, such as the root processing quality, the size and shape of the root system [7] . Therefore, the aim of this study was to determine the dependence between the depth of soil cultivation in the striptillage system used for sugar beet production and the state of the plantation after the emergence of crops as well as the yield quality and quantity.
Material and methods
A field experiment was conducted on the farm in Bełcz Mały, Commune of Wąsosz, Lower Silesian Voivodeship, Poland. Experimental plots were located on loamy sand soil, classified as IVa in the soil valuation system.
The experiment included five sugar beet growing technologies which differed in the soil cultivation depth: 1.
strip tillage at a depth of 15 cm, 2.
strip tillage at a depth of 20 cm, 3.
strip tillage at a depth of 25 cm, 4.
strip tillage at a depth of 30 cm, 5.
strip tillage at a depth of 35 cm. The soil was tilled and sugar beets were sown on 4 April. Other agrotechnical procedures, such as fertilisation and treatments, were identical in all the systems and they were conducted according to the sugar beet growing guidelines. The plot area was 600 The state of the plantation after the emergence of crops was evaluated on the basis of the emergence dynamics, the distribution of plants in rows and the crop density. The emergence was recorded every second day after the appearance of the first sugar beet seedlings at the phase of cotyledons. In each plot all emergences of sugar beets in an area of 10 m 2 were counted in five replicates.
The distribution of plants in rows was evaluated as follows. In each plot 100 consecutive distances between plants in randomly selected rows were measured at an accuracy of 5 mm in five replicates. According to the methodology of the International Sugar Beet Institute in Brussels (IIRB -Institut International de Recherches Betteravières) the measurement results were classified into one of the three categories: double sowing, normal spacing and overspaced sowing [15] . The classification criteria were as follows:
• double sowing -plants spaced up to 0.5 XIST, • normal spacing -plants spaced from ≤ 0.5 XIST to > 1.5 XIST, • overspaced sowing -plants spaced more than 1.5 XIST, where: XIST -the actual spacing between plants as calculated in measurements of normally spaced plants.
The final density of plants was calculated by counting plants in randomly selected sites of an area of 10 m 2 in five replicates in each plot. The state of the plantation before harvest was evaluated according to the yield of roots, the height of the aerial part of the roots and the morphological traits of the roots, i.e. their length, maximum diameter and weight. The height of the aerial part of the roots was measured from the leaf base to the surface of the soil. In order to measure the morphological traits the root tops were cut off manually at the upper line of the living shoot buds. The root length was measured from the site where its top was cut off to the end of the tail with a diameter of 10 mm. The diameter was measured at the widest part of the proper root. Before the roots were weighed, their tops had been cut off and cleaned. 100 roots were collected from five randomly selected rows in each plot and the height of their aerial part, their length, maximum diameter and weight were measured.
The yield of the roots from each plot was measured according to the weight of 500 roots and the final density of sugar beets.
The space between plants in a row, the root length and weight were analysed with the Plantator ver. 2 computer program, which calculated the percentage share of the roots in the following groups and intervals [16] :
• root length: 0-10 cm; >10-15 cm; >15-20 cm; >20 cm • root diameter: 0-4,5 cm; >4,5-7 cm; >7-9 cm; >9-11cm; >11-13 cm; >13-15 cm; >15 cm • root weight: 0-300 g; >300-600 g; >600-900 g; >900-1,200 g; >1,200-1,800 g; >1,800 g.
Results
Dynamics of emergence. The first emergences of sugar beets in the experimental plots began 18 days after the seeds had been sown. This means that there were average conditions in the plantation. It is assumed that under favourable conditions sugar beets start emerging 7-12 days after sowing the seeds, under average conditions -14-18 days after sowing, whereas under unfavourable conditions -even as late as 30 days after sowing [2] . During the first measurement the smallest number of seedlings was noted in the system where the soil was cultivated at a depth of 25 cm. This technology was characterised by the most dynamic and unequal emergence of the plants. The emergence was the most balanced in the strip-till technology where the soil was cultivated at a depth of 15 cm. This system was characterised by the largest number of emerged plants at all the three terms of measurements. All the five cultivation systems were characterised by similar dynamics of emergence. The number of consecutive emerging plants varied comparably, without considerable deviations, except the strip-till technology at a depth of 25 cm, where the number of plants decreased at the fourth term. The dynamics of emergence is illustrated in Figure 1 . The field emergence capacity in the strip-till technology systems ranged from 69.4% to 80.2% ( The best field emergence capacity was observed in the technologies where the soil was cultivated at depths of 15 and 20 cm. The field emergence capacity was only satisfactory in the systems where the soil was cultivated at depths of 25, 30 and 35 cm.
Density of plants. The density of plants was diversified in all the strip-till technology systems (Fig.  2) . The highest final density of plants, i.e. 99,400 plants per hectare, was noted in the system where the soil was cultivated at a depth of 15 cm. The lowest density, i.e. 86,000 plants per ha, was observed in the strip-till system where the soil was cultivated at a depth of 30 cm. The measurements also showed that in comparison with the standard cultivation depth of 25 cm, when the soil cultivation was 5 cm shallower, the density of plants increased by 2,800 pieces per ha. When the soil cultivation depth was reduced by 10 cm, the density of plants increased by as much as 12,200 pieces per ha. According to Gutmański [17] , the optimal density of sugar beets on average soils ranges from 81,000 to 95,000 pcs• ha -1 . When the density increases, so does the yield of leaves and sugar, but the yield of roots is usually lower. At higher densities the roots are smaller, their size is more equal and they have better processing value. Therefore, the optimal density of plants was noted in the systems where the soil was cultivated at depths of 20, 25, 30 and 35 cm. adequately distributed plants in a row resulted from the strip-till technology where the soil was cultivated at a standard depth of 25 cm (83.4%). A lower soil cultivation depth decreased the adequate distribution of seeds by about 2%, whereas a higher depth decreased the adequate distribution of plants by as much as 8.4% (Table 2) . The remaining percentage included chiefly single gaps and less frequently -double and triple gaps (Fig.  3) . The most gaps were noted in the systems where the soil was cultivated at depths of 30 and 35 cm (17.4%). When the soil cultivation depth increased, so did the number of double and triple gaps. Their share amounted to 6% and 6.8% in the soil cultivated at depths of 30 and 35 cm, respectively. The share of single gaps in the systems where the soil was cultivated at depths of 15, 20 and 25 cm amounted to 14.8%, 15% and 14.6%, respectively. The share of double and triple gaps in these three technologies did not exceed 3.4%. The share of double sown seeds in all the systems was not greater than 0.8%. The strip-tillage systems did not differ significantly in the height of the aerial parts of the roots (Fig. 4) . The average heights ranged from 4.81 cm to 5.98 cm. Fig. 4 . The average height of the aerial part of the sugar beet roots according to the strip-tillage system External quality of roots. The biometric traits of sugar beet roots are very important at harvest and they may affect the technological value of raw material and its suitability for processing into sugar. It is difficult to pull out heavy roots from soil. Too long roots may increase the loss during harvesting because their ends may be broken. The size of roots is also decisive to their external quality, because medium roots (500-700 g) are more suitable for processing into sugar [17] . It is noteworthy that roots with a diameter of 12-15 cm are the least resistant to damage, whereas those with a diameter of 7-9 cm are the most resistant [18] [19] .
The analysis of the results showed that when the soil cultivation depth was 5 and 10 cm greater than the standard depth (25 cm), the root length increased by 2.1 cm and 2.9 cm, respectively (Fig. 5) . The highest percentage of roots longer than 20 cm was noted in the systems where the soil was cultivated at depths of 30 and 35 cm (Fig. 6 ). These technologies were also characterised by the lowest percentage of the roots which were shorter than 10 cm. The highest percentage of medium-length roots, i.e. >10-15 cm, was noted in the systems where the soil was cultivated at depths of 20 and 25 cm (51.8% and 47.6%, respectively). The soil cultivation systems did not differ significantly in the diameter of sugar beet roots (Fig.  7) . The smallest average maximum diameters of 11.3 cm and 11.5 cm were noted in the systems where the soil was cultivated at depths of 20 and 25 cm. The average maximum root diameter in the other strip-till systems ranged from 12.0 to 12.3 cm. The most roots with the maximum diameters larger than 13 cm, which were the most vulnerable to damage [17] , were noted in the strip-tillage technology where the soil was cultivated at a depth of 15 cm (Fig. 8) . The smallest average root weights of 873.0 and 904.8 g were noted in the systems where the soil was cultivated at depths of 20 and 25 cm, respectively. The average root weight in the other variants was larger than 1,000 g.
The analysis of the percentage share of roots in individual weight intervals showed that the striptillage systems where the soil was cultivated at depths of 20 and 25 cm resulted in the best conditions for the development of medium roots, weighing 600-900 g. The highest percentage of the heaviest roots was noted in the strip-tillage systems where the soil was cultivated at depths of 15, 30 and 35 cm (Fig. 10) . The analysis of the results showed that the yield of roots was the lowest in the system where the soil was cultivated at a standard depth of 25 cm. Both smaller and greater soil cultivation depths resulted in higher yields (Fig. 11) . The analysis of the yield of roots showed that when the soil cultivation depth was 10 cm smaller than the standard depth (25 cm), the yield increased by as much as 14.3 t•ha -1 . The analysis of the results showed that when the soil cultivation depth was reduced from the standard 25 cm to 15 or 20 cm, neither the state of the plantation after the emergence of plants nor the external quality of the yield became worse. The results also showed that the yield of sugar beets did
